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Objective: To determine if pre-operative interventions for hip and knee osteoarthritis provide beneﬁt
before and after joint replacement.
Method: Systematic review with meta-analysis of randomised controlled trials (RCTs) of pre-operative
interventions for people with hip or knee osteoarthritis awaiting joint replacement surgery.
Standardised mean differences (SMD) were calculated for pain, musculoskeletal impairment, activity
limitation, quality of life, and health service utilisation (length of stay and discharge destination). The
GRADE approach was used to determine the quality of the evidence.
Results: Twenty-three RCTs involving 1461 participants awaiting hip or knee replacement surgery were
identiﬁed. Meta-analysis provided moderate quality evidence that pre-operative exercise interventions for
knee osteoarthritis reduced pain prior to knee replacement surgery (SMD (95% CI)¼ 0.43 [0.13, 0.73]).
None of the other meta-analyses investigating pre-operative interventions for knee osteoarthritis
demonstrated any effect. Meta-analyses provided low to moderate quality evidence that exercise inter-
ventions for hip osteoarthritis reduced pain (SMD (95% CI)¼ 0.52 [0.04, 1.01]) and improved activity (SMD
(95% CI)¼ 0.47 [0.11, 0.83]) prior to hip replacement surgery. Meta-analyses provided low quality evidence
that exercise with education programs improved activity after hip replacement with reduced time to reach
functional milestones during hospital stay (e.g., SMD (95% CI)¼ 0.50 [0.10, 0.90] for ﬁrst day walking).
Conclusion: Low to moderate evidence from mostly small RCTs demonstrated that pre-operative inter-
ventions, particularly exercise, reduce pain for patients with hip and knee osteoarthritis prior to joint
replacement, and exercise with education programs may improve activity after hip replacement.
 2011 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Hip and knee joint replacement surgery is a cost effective inter-
vention for people with severe osteoarthritis who are unresponsive
to conservative therapy1,2. Patients often have to wait many months
for their surgery3e6 and during that time endure severe and unre-
mitting pain that restricts their activity in daily tasks and participa-
tion in their normal societal roles7. Pre-operative interventions such
as exercise and education for patients awaiting hip and kneeason A. Wallis, Physiotherapy
Street, Upper Ferntree Gully,
-9764-6149.
.au, jasonwallis23@hotmail.
s Research Society International. Preplacement surgery are performed in the expectation that these
programsmay improve pre-operative outcomes aswell as improving
recovery post-surgery.
Recent systematic reviews with meta-analyses have demon-
strated that land-based exercise is effective for reducing pain and
improving function in people with knee osteoarthritis and reducing
pain in people with hip osteoarthritis8,9. These positive results
suggest that interventions that optimise pain and function for people
with osteoarthritis could also enhance health outcomes for people
with osteoarthritis who are also awaiting joint replacement surgery.
A previous review10 investigated pre-operative physiotherapy for
patients undergoing hip and knee replacement. They found no clin-
ically important differences following knee replacement and no
conclusive ﬁndings following hip replacement. Another review11
of randomised controlled trials (RCTs) delivering pre-operativeublished by Elsevier Ltd. All rights reserved.
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reduced pre-operative anxiety. These two reviews were single
discipline interventions and did not consider multidisciplinary and
mixed interventions including group programs. Another review12
investigated both single and multidisciplinary interventions ﬁnding
evidence that multidisciplinary interventions such as physiotherapy
or occupational therapy combined with education effective particu-
larly for the most fragile patients. However several trials have been
completed since the literature search of the 2007 publication12.
Therefore the aim of this review is to determine the effect of pre-
operative non-pharmacological and non-surgical interventions
before and after joint replacement for patients with knee or hip
osteoarthritis awaiting lower limb joint replacement surgery on
pain, musculoskeletal impairment, activity, quality of life, and health
service utilisation.Method
Search strategy
The electronic databases MEDLINE, PUBMED, CINAHL and
EMBASE were searched until August 2010. The three concepts of
population, intervention and design were combined with the ‘AND’
operator. Population was deﬁned as participants with osteoarthritis
of the hip or knee on a waiting list for lower limb joint replacement
surgery. Intervention was deﬁned as a non-surgical or non-phar-
macological intervention for osteoarthritis. The design was a RCT to
achieve the most valid information about the effectiveness of the
interventions. For each concept synonyms and MeSH terms were
combined with the ‘OR’ operator (Appendix).
All articles were imported to bibliographic software. Two
reviewers independently screened the articles by title and abstract
utilising pre determined eligibility criteria. Any disagreements were
resolved by discussion. Full text copies of articles that were not
deﬁnitely excluded on title and abstract were retrieved and the
criteria were reapplied. Uncertain cases were discussed by the
reviewers to achieve consensus. Database searching was supple-
mented by hand searching the reference lists of included articles and
the application of citation tracking using Google scholar.Eligibility criteria
The studies were eligible if (1) at least 80% of the participants
had hip or knee osteoarthritis; (2) participants were wait-listed for
lower limb joint replacement surgery; (3) the intervention was
non-surgical and non-pharmacological (Table I); (4) a RCT design
was used; (5) written in English.
The studies were ineligible if the intervention was (1) single
session only such as an education booklet or advice; (2) commenced
within 1 week of surgery.Table I
Non-surgical and non-pharmacological interventions eligible for inclusion
Intervention(s) Examples
Pre-operative Rehabilitation
Programs
Combined interventions including
exercise and education
Physiotherapy Exercise therapy, manual therapy,
hydrotherapy, taping, electrotherapy
Psychology, counselling Cognitive therapy, behavioural therapy
Dietetic Weight reduction programs
Orthotist Braces
Podiatry Orthotics
Occupational therapy Home visits
Other Acupuncture, dry needling, Tai Chi, Ai ChiData collection process
Pre-designed spreadsheets were used to extract data on partic-
ipants, interventions, outcomes measures and results. Data were
also collected on adverse events, recruitment and adherence to the
interventions.
Risk of bias in individual studies
Two researchers independently applied a validated scale (PEDro)
to rate the methodological quality of all the trials13. The eleven items
are based upon the Delphi list14. Each item is scored ‘yes’ or ‘no’ with
amaximumscore of 10 as criterion one is not scored. The PEDro score
has demonstratedmoderate inter-rater reliability [ICC¼ 0.68 (95% CI
0.57, 0.76)] for clinical trials15. A trial with a score of 6 or more was
considered to be high quality consistent with previous reviews16,17.
Synthesis of results
Standardised mean differences (SMD) (effect sizes) and 95%
conﬁdence intervals were calculated from post-intervention means
and standard deviations18. Where the standard error or 95%
conﬁdence interval was provided this was converted to standard
deviations. Secondly the P-value was used for estimating standard
deviation. Thirdly standard deviation was estimated from range19
or if none of these was available it was imputed from graph.
Positive SMD values were used to indicate that the outcome fav-
oured the intervention group. Values of <0.2 indicated a small effect
size, 0.2e0.5 a moderate effect size and >0.8 a larger effect size20.
Meta-analysis was performed using inverse variance method
and random effects analysis21. Combining data in a meta-analysis
was planned where a minimum of two trials were clinically
homogeneous. A trial was considered clinically homogenous if
a common population, intervention and outcome measure was
used. If combining data were not considered reasonable due to
clinical heterogeneity the reporting of the results was provided in
a table and descriptive format.
The GRADE approach22 was applied to each meta-analysis per-
formed to determine the quality of evidence. This approach entailed
downgrading the evidence fromhigh tomoderate to lowand to very
low quality based on criteria. Downgrading the evidence one place
(e.g., high to moderate quality) would occur if: (1) the PEDro score
was <6 for the majority of trials in the meta-analysis, (2) there was
greater than low levels of statistical heterogeneity between the
trials (I2 25%)23 and (3) there were large conﬁdence intervals
indicating a small number of participants. If there were serious
issueswith themethodological quality, such as all trials in themeta-
analysis were <6 PEDro score without allocation concealment and
blinded assessors, then a double downgradewould occur (e.g., from
high to low quality). A footnote was used to explain the reasons for
the grade applied to each meta-analysis.
Results
Study selection
The combined database search yielded 2274 trials (inclusive of
duplicates). Forty-one trials were retrieved for full text review and
a total of 24 trials fulﬁlled inclusion criteria. Two trials24,25 provided
data about the same trial. Therefore, in this review these twoarticles
were considered one trial resulting in a ﬁnal yield of 23 trials (Fig.1).
Study characteristics
Participants
From 23 RCTs involving 1461 participants, 922 were awaiting
knee replacement, 305 awaiting hip replacement and 234 awaiting
either hip or knee replacement. The mean age of participants was
Fig. 1. Trial selection process.
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body mass index was 30.2 kg/m2, the mean number of days on the
waiting list was 81 days and mean duration of osteoarthritis
symptoms was 6.7 years.
Interventions
Nineteen trials24e43 compared pre-operative interventions with
standard care while four trials44e47 compared interventions.
For participants awaiting knee joint replacement, 12 tri-
als26,27,29e32,36,38e40,42,43 investigated pre-operative interven-
tions vs standard care. Exercise programs provided by
a physiotherapist or other therapist were the most common
intervention in seven trials26,31,32,38,39,42,43 for knee osteoar-
thritis. Other interventions included exercise combined with
educational program27, self-management educational
programs30,36, acupuncture29,43 and neuromuscular electrical
stimulation40.
For participants awaiting hip joint replacement nine tri-
als24,25,28,30,33e35,37,38,41 investigated pre-operative interventions vs
standard care. Exercise was the most common intervention in four
trials24,25,35,38,41 for hip osteoarthritis. Formal educational
programs combined with exercise programs were included in three
trials33,34,37. Other interventions included a self-management
program30 (which also included participants with knee osteoar-
thritis) and a multidisciplinary pain management program28.
Adverse events, recruitment of participants, adherence to
intervention
Eight of the 23 trials reported if adverse events occurred directly
related to the intervention24,25,29,31,35,41,43,44,47. Minor adverseevents were reported in three trials resulting from acupuncture
interventions such as minor bruising or bleeding29,43,47. In one trial
of acupuncture one vaso-vagal, and one large haematoma was re-
ported29. No adverse events were reported in four of the exercise
intervention trials24,25,31,35,41, except for one trial which reported
short-term minor musculoskeletal soreness44.
Fourteen trials reported data on whether eligible participants
declined to participate in the trials28e30,32e36,38,39,43,44,46,47. The
rate of non-participation was variable between trials ranging
from 0%34,36,39 to 88%38. Recruitment of eligible participants was
reported to be difﬁcult in four trials32,33,35,46 with the most
common reasons being transportation difﬁculties, time commit-
ments, energy levels and motivation. Adherence to the inter-
ventions was high with more than 80% of scheduled sessions
attended in eight of ten interventions that recorded these
data25,27,35,36,38,40,41,44. In the pre-operative period common
reasons for dropping out of the intervention included cancellation
or postponement of surgery, having early surgery, medical
reasons and time commitments. In the post-operative period
patients were lost to follow-up for reasons such as complications
post-surgery.
Risk of bias within studies
There were 12 higher quality trials (6/10) and the average
score across all trials was 6/10. The most adhered to items on the
PEDro scale were random allocation, measures of variability for at
least one key outcome, and between group comparisons which
were evident in almost all of the trials. None of the trials blinded
participants or therapists whichwas expected given these items are
the most difﬁcult to adhere to in trials of interventions such as
Table IIa
Summary of included trials: Pre-operative interventions for knee osteoarthritis vs standard care
Study (country) Participants (intervention) Participants (standard care) Intervention Outcome measures Results pre-operatively
(SMD or MD, 95% CI)y
Results post-operatively
(SMD or MD, 95% CI)y
Aoki et al. 200926
(Japan)
n¼ 17 n¼ 19 Exercise: Home-based,
knee ﬂexibility (knee ﬂexion).
Duration: every day up until surgery,
30 s holds, minimum of 10 reps
at least 1 daily.
Pain: VAS (during gait) 0.30 [0.35, 0.96] N/A
Age (yrs)¼ 72.3 (5.2) Age (yrs)¼ 74.4 (6.4) Activity limitation: Gait speed (m/min) 0.47 [0.20, 1.13] N/A
BMI¼ 26.6 (3.5) BMI¼ 25.8 (2.4) Impairment: Knee ﬂexion ROM 0.41 [0.25, 1.07] N/A
Female (%)¼ 100 Female (%)¼ 100
OWL (days)¼ 81 (32) OWL (days)¼ 82 (32) Timeframe: PRE
Duration (yrs): 10 (7) Duration (yrs): 9 (8)
Beaupre
et al. 200427
(Canada)
n¼ 65 n¼ 66 Exercise and Education: Group.
Ex: knee ﬂexibility and strength
training. Edu: post-operative care
e.g., crutch walking, bed mobility.
Duration: 4/52, 3 week.
Pain: WOMAC 0.07 [0.44, 0.31] 0.06 [0.31, 0.44]
Age (yrs)¼ 67 (7) Age (yrs)¼ 67 (6) Activity limitation: WOMAC 0.06 [0.44, 0.31] 0.00 [0.38, 0.38]
Female (%)¼ 60 Female (%)¼ 50 Impairment: Knee ﬂexion ROM 0.26 [0.12, 0.63] 0.00 [0.38, 0.38]
BMI¼ 32 (6) BMI¼ 31 (5) Impairment: Quads Str, Hams Str 0.09 [0.32, 0.51] 0.00 [0.41, 0.41]
Quality of life: SF-36 (8 sections,
MSC, PSC)
0.28 [0.66, 0.10] 0.09 [0.47, 0.28]
Service utilisation: LOS, discharge
destination
N/A MD¼ 0.60 days
[0.26, 1.46]
Timeframe: PRE; POST 12w,
26w, 52w
D’Lima et al.
199231
(Canada)
n¼ 10 Exercise: PT: knee ﬂexibility,
strength training (UL and LL).
Duration: 6/52, 3 week,
45 min sessions.
Combined: HSS, AIMS 0.18 [0.70, 1.06] 0.02 [0.86, 0.90]
Age (yrs)¼ 68.5 (4.6) Quality of life: Quality of wellbeing ez ez
Female (%)¼ 80
(3 Rheumatoid pts)
n¼ 10
Age (yrs)¼ 69.5 (6.5)
Female (%)¼ 50
(1 Rheumatoid pt)¼ 50
Service utilisation: LOS N/A MD¼0.21 days
[1.09, 0.67]
Timeframe: PRE; POST 3w, 12w,
24w, 48w
n¼ 10
Age (yrs)¼ 71.6 (6.6) Aerobic training: Land and
pool-based. Duration: 6/52, 3
week, 45 min sessions.
Combined: HSS, AIMS 0.43 [0.46, 1.32] 0.88 [1.80, 0.05]
Female (%)¼ 70 Quality of life: Quality of wellbeing ez ez
(1 Rheumatoid pt) Service utilisation: LOS N/A MD¼0.02 days
[0.98, 0.94]
Evgeniadis
et al. 200832
(Greece)
n¼ 18 n¼ 20 Exercise: Group, strength training
for trunk and UL only. Supervised by
PT and orthopaedist. Duration: 3/52,
3 week. Intensity: modest fatigue.
Activity limitation: ILAS: N/A 0.27 [0.37, 0.91]
Age (yrs)¼ 67.1 (4.4)
Female (%)¼ 83.3
BMI¼ 34.7 (5.3)
Age (yrs)¼ 69.4 (1.9)
Female (%)¼ 70
BMI¼ 33.5 (4.7)
(& timeframe) POST 3 days, 2w, 6w,
10w, 14w
Impairment: Knee ﬂex & Ext ROM. MD¼ 3.20
[3.67, 10.07]
MD¼2.78
[8.30, 2.74]
(& timeframe) PRE, POST 2w, 10w, 14w
Quality of life: SF-36 (8 sections) P 0.05 for all sections. N/A
(& timeframe) PRE e.g., 0.35 [0.29, 1.00] mental health (section 8)
Rooks et al.
200638 (USA)
n¼ 22 n¼ 23 Exercise: PT. Individual. Land-
and pool-based supervised by PT.
Strength training, bike, ﬂexibility.
Duration: 6/52, 3 week.
Pain: WOMAC 0.05 [0.67, 0.78] 0.10 [0.63, 0.83]
Age (yrs)¼ 65 (8)
Female (%)¼ 50
BMI¼ 35.7 (9.2)
Age (yrs)¼ 69 (8) Activity limitation: WOMAC, functional reach 0.22 [0.95, 0.51] 0.10 [0.83, 0.63]
Female (%)¼ 57 Activity limitation: TUGT L0.77 [L1.53,L0.01]* 0.13 [0.60, 0.86]
BMI¼ 33.9 (6.5) Impairment: 1 Rep Max (leg press) 0.32 [0.41, 1.06] 0.28 [0.45, 1.01]
Quality of life: SF-36 (3 sections,
Role Limit)
L0.98 [L1.76,L0.21]* 0.02 [0.75, 0.71]
Service utilisation: discharge destination P 0.05 P 0.05
Timeframe: PRE; POST 8w, 26w
Topp et al. 200939
(USA)
n ¼ 26 n¼ 28 Exercise: Strength training,
supervised by the researcher.
Duration: 3 week, 1 session
each week. Intensity: moderate.
Pain: VAS (During STS,
up/down stairs
& 6 mwt).
0.88 [0.31, 1.44]* 0.08 [0.62, 0.45]
Age (yrs)¼ 64.1 (7.1)
Female (%)¼ 73
BMI¼ 32.2 (5.9)
Age (yrs)¼ 63.5 (6.7)
Female (%)¼ 64
BMI¼ 32 (6.1)
(P 0.05 for all except*) (P 0.05 for all)
Activity limitation: 6 mwt (metres),
up/down stairs (time),
STS (no.)
0.32 [0.22, 0.86] 0.09 [0.63, 0.44]
P 0.05 for all P 0.05 for all
Impairment: Quads Str 0.08 [0.46, 0.61] 0.06 [0.47, 0.59]
Timeframe: PRE; POST 4w, 12w
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Weidenhielm
et al. 199342
(Sweden)
n¼ 19 n¼ 20 Exercise: PT: Group setting:
LL strengthening, bike,
knee ﬂexibility.
Home exercise recommended.
Duration: 5/52, 3 week
(15 sessions).
Pain: 4 point scale ez ez
Age (yrs)¼ 64 (4) Age (yrs)¼ 63 (5) Pain: 10 point scale during walk 0.22 [0.85, 0.41] 0.18 [0.80, 0.45]
Female (%)¼ 58 Female (%)¼ 45 Activity limitation: Walk speed (self-selected) 0.28 [0.35, 0.91] 0.23 [0.86, 0.40]
BMI¼ 30.1 BMI¼ 29.1 Activity limitation: Walk speed (maximal) 0.03 [0.60, 0.65] 0.28 (0.91, 0.35]
Unicompartment replacement Impairment: Knee ROM 0.07 [0.56, 0.70] 0.31 [0.32, 0.94]
Impairment: Quads Str 0.42 [0.21, 1.06] 0.36 [0.99, 0.27]
Timeframe: PRE (3 months, immediate);
POST 12w
n¼ 60 Exercise: PT. Group setting,
strength, balance, ﬂexibility.
Duration: 6/52, 1 h
sessions, 1 weekly.
Pain: VAS 0.37 [0.01, 0.73]* 0.03 [0.32, 0.39]
Age (yrs)¼ 70 (8.8) Activity limitation: WOMAC 0.17 [0.19, 0.53] 0.08 [0.44, 0.28]
Female (%)¼ 52 Activity limitation: Timed 50 m walk 0.24 [0.12, 0.60] 0.26 [0.62, 0.09]
Williamson
et al. 200743
(UK)
BMI¼ 32.8 (5.7)
n¼ 61
Combined: OKS 0.24 [0.12, 0.59] 0.18 [0.54, 0.17]
Age (yrs)¼ 69.6 (10)
Female (%)¼ 54
BMI¼ 32.7 (6.5)
Quality of life: HAD e anxiety, depression 0.12 [0.47, 0.24] L0.55 [L0.91,L0.19]*
Service utilisation: LOS MD¼ 0.11 days
[0.72, 0.94]
Timeframes: PRE (1w & 6w post-intervention)
Timeframes: POST 12w
n¼ 60 Acupuncture: PT.
Group setting.
Duration: 6/52, 1 week.
Pain: VAS 0.30 [0.06, 0.66] 0.38 [0.02, 0.74]*
Age (yrs)¼ 72.4 (7.7) Activity limitation: WOMAC 0.25 [0.11, 0.61] 0.21 [0.15, 0.57]
Female (%)¼ 55 Activity limitation: Timed walk (50 m) 0.15 [0.20, 0.51] 0.35 [0.71, 0.01]
BMI¼ 30.9 (6.0) Combined: OKS 0.36 [0.00, 0.70]* 0.13 [0.22, 0.49]
Quality of life: HAD e anxiety, depression 0.08 [0.44, 0.27] 0.08 [0.44, 0.27]
Service utilisation: LOS MD¼1.17 days
[2.37, 0.03]
Christensen
et al. 199229
(Denmark)
n¼ 14 n¼ 15 Acupuncture:
Duration: 3/52, 2 week.
Pain: VAS ez N/A
Age (yrs)¼ 69.2 (7.8) Age (yrs)¼ 69.2 (7.8) Activity Limitation: Timed Stair climb (20 steps) 0.90 [0.13, 1.67]* N/A
Female (%)¼ 71 Female (%)¼ 66.7 Activity Limitation: Timed walk (50 m) 1.00 [0.22, 1.78]* N/A
Impairment: Knee ROM ez N/A
Combined: HSS 1.02 [0.24, 1.80]* N/A
Timeframe: PRE (1w & 4 w post-intervention)
Nunez et al.
200636
(Spain)
n¼ 51 n ¼ 49 Self-Management Program:
Therapeutic education and
functional readaption: Group,
lead by health educator on
social learning, OA edu &
exercise. Duration: 3/12,
2 individual & 3 group sessions.
Pain: WOMAC 0.23 [0.21, 0.67] N/A
Age (yrs)¼ 72.6 (6.2) Age (yrs)¼ 69.5 (6.8) Activity Limitation: WOMAC 0.48 [0.04, 0.93]* N/A
Female (%)¼ 76.5 Female (%)¼ 65.3 Quality Of Life: SF-36 (Spanish)
Duration (yrs): 1 Duration (yrs): 0.97 Quality Of Life: - physical function 0.21 [0.23, 0.66] N/A
Quality Of Life: - bodily pain 0.35 [0.09, 0.80] N/A
Quality Of Life: - all other items all P 0.05 N/A
Timeframe: PRE
Walls et al.
201040
(Ireland)
n¼ 9 n¼ 5 NMES: Duel channel,
symmetrical, biphasic square
waveform, 5 s on, 10 s relax,
ramp up 1 and 0.5 s down,
16.5 s cycle.
4 electrodes placed over quads
(VL and VM) in sitting. Duration:
8/52, 20 min alternate
days for 2 weeks, then daily
for 6 days before operation.
Pain: WOMAC 0.11 [0.99, 1.20] 0.05 [1.14, 1.05]
Age (yrs)¼ 64.4 (8) Age (yrs)¼ 63.2 (11.4) Activity limitation: WOMAC 0.28 [0.82, 1.38] 0.12 [0.97, 1.22]
Female (%)¼ 67 Female (%)¼ 80 Activity limitation: Timed stair climb (11 steps) 0.70 [0.43, 1.84] 1.14 [0.06, 2.34]
BMI¼ 30.7 (3) BMI¼ 32.8 (6.3) Activity limitation: Timed chair rise (3 times) 1.13 [0.07, 2.33] 1.14 [0.06, 2.34]
Activity limitation: Timed walk (25 m) 0.83 [0.32, 1.98] 0.73 [0.41, 1.87]
Impairment: Quads torque 1.02 [0.16, 2.20] 1.02 [0.16, 2.20]
Quality of life: SF-36 (PCS) 0.06 [1.15, 1.03] 0.00 [1.09, 1.10]
Quality of life: SF-36 (MCS) 0.30 [1.40, 0.80] 0.32 [0.78, 1.43]
Service utilisation: LOS, discharge destination ez ez
Timeframe: PRE; POST 6w, 12w
N/A¼ Timeframe not applicable.
Abbreviations: PRE¼ pre-operative, POST¼ post-operative, LOS¼ length of stay, Edu¼ education, PT¼ Physiotherapist, OT¼Occupational Therapist, BMI¼ Body Mass Index, OWL¼ number of days spent on waiting list for
surgery, Yrs¼ years, Str¼ strength, UL¼ upper limb, LL¼ lower limb, HEP¼ home exercise program, w¼weeks, s¼ seconds, ROM¼ range of movement, Ab¼Abduction, Flex¼ ﬂexion, 6 mwt¼ six minute walk test,
4mwt¼ four minute walk test, VAS¼ visual analogue scale, ILAS¼ Iowa level of assistance scale, LAPAQ¼ LASA physical activity score, AQoL¼Assessment of quality of life scale, CES-D¼ centre of epidemiologic studies
depression scale, BMQ¼ beliefs about medicines questionnaire, STS¼ sit to stand, SF-36¼ Short Form 36 Health Survey (MCS¼mental health Composite Score, PCS¼ physical health composite score), WOMAC¼Western
Ontario and McMaster Universities Arthritis Index, HSS¼Hospital for Special Surgery Knee Score, HOOS¼Hip Osteoarthritis Outcome Score, HHS¼Harris Hip Score, TUGT¼ Timed up and go test, OKS¼Oxford Knee Score,
HAD¼Hospital anxiety and depression scale, AIMS¼Arthritis impact measurement scale. RPE¼ rate of perceived exertion.
*P< 0.05.
y SMD or MD reported for underlined outcomes and timeframes.
z Sufﬁcient data not reported.
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Table IIb
Summary of included trials: Pre-operative interventions for hip osteoarthritis vs standard care
Study (Country) Participants
(intervention)
Participants
(standard care)
Intervention Outcome measures Results pre-operatively
MD or MD, 95% CI)y
Results post-operatively
(SMD or MD, 95% CI)y
Gilbey et al.
200324,25
(Australia)
n¼ 37 n¼ 31 Exercise: Land, pool-based
& home-based. Aerobic,
strength training and
ﬂexibility. Duration: 8/52,
hourly sessions, 2 clinic
(supervised) & 2 home-based
sessions weekly.
Activity Limitation: WOMAC 57 [0.03, 1.10]* 0.53 [0.01, 1.06]
Age (yrs)¼ 66.7(10) Age (yrs)¼ 63.3 (12) Combined: WOMAC 63 [0.09, 1.17]* 0.53 [0.01, 1.06]
Female (%)¼ 56.8 Female (%)¼ 67.7 Impairment: Hip Flex ROM D¼ 4.70 [0.10, 9.30] MD¼ 6.00 [0.12, 11.88]
BMI¼ 27.7 (4.8) BMI¼ 28.2 (3.6) LL strength (combined) 54 [0.01, 1.07]* N/A
TOTAL OA%¼ 87% Timeframe: PRE; POST 3w,
12w**, 24w**
Intervention group received intervention POST 3e12w
Hoogeboom
et al. 201035
(Netherlands)
n¼ 10 n¼ 11 Exercise: PT: individual.
E.g., Strength training, bike.
Duration: 3e6/52, 2 week,
60 min sessions.
Exercise intensity:
13e14/20 RPE
(moderately high).
Pain: HOOS 9 [0.50, 1.28] N/A
Age (yrs)¼ 77 (2.8) Age (yrs)¼ 75 (5.3) Pain: VAS 1 [0.38, 1.40] N/A
Female (%)¼ 70 Female (%)¼ 63.6 Activity limitation: HOOS (ADL function) .07 [0.95, 0.81] N/A
BMI¼ 26 (2.6) BMI¼ 27.4 (4.2) Activity limitation: TUGT, functional reach 3 [0.45, 1.32] N/A
OWL (days)¼ 29 (7) OWL (days)¼ 34 (14) Activity limitation: 6 mwt 5 [0.73, 1.03] N/A
Activity limitation: Timed chair rise 9 [0.49, 1.28] N/A
Activity limitation: PSFS (5 items combined) 1 [0.47, 1.30] N/A
Activity limitation: PWC-170 .24 [1.12, 0.64] N/A
Activity limitation: LAPAQ 0 [0.88, 0.88] N/A
Quality of life: HOOS (QOL) .43 (1.32, 0.46] N/A
Service utilisation: LOS 1.00 [L1.94,L0.06]* N/A
Timeframe: PRE
Rooks et al.
200638 (USA)
n¼ 32 n¼ 31 Exercise: PT. Land- and
pool-based. Individual
strength training, bike &
ﬂexibility. Duration:
6/52, 3 week.
Pain: WOMAC 58 [0.01, 1.15]* 0.04 [0.52, 0.60]
Age (yrs)¼ 65 (11)
Female (%)¼ 63
BMI¼ 28.4 (5.3)
Age (yrs)¼ 59 (7) Activity limitation: WOMAC functional reach 59 [0.01, 1.16]* 0.01 [0.55, 0.57]
Female (%)¼ 51 Activity limitation: TUGT .02 [0.58, 0.54] 0.24 [0.80, 0.33]
BMI¼ 30.3 (9.1) Impairment: 1 Rep Max (leg press) .02 [0.58, 0.54] 0.60 [1.18, 0.03]
Quality of life: SF-36 (3 sections,
Role Limit)
2 [0.24, 0.89] 0.02 [0.54, 0.58]
Service utilisation: discharge destination 0.05 P 0.05
Timeframe: PRE; POST 8w, 26w
Wang et al.
200241
(Australia)
n¼ 15 n¼ 13 Exercise: Clinic. Supervised.
Land, pool-based & home-based.
Strength training, aerobic
& ﬂexibility. Duration: 8/52,
2 clinic/pool sessions for
1-h & 2 home-based sessions
per week.
Activity limitation: Gait velocity 7 [0.57, 0.92] 1.01 [0.21, 1.80]*
Age (yrs)¼ 68.3 (8.2) Age (yrs)¼ 65.7 (8.4) Activity limitation: Stride length 6 [0.49, 1.01] 0.73 [0.04, 1.50]
Female (%)¼ 60 Female (%)¼ 69.2 Activity limitation: Cadence 6 [0.49, 1.01] 1.03 [0.23, 1.82]*
TOTAL OA%¼ 89% Activity limitation: 6 mwt** A N/A
Subset of Gilbey et al. 200324,25 Timeframe: PRE; POST 3w,
12w**, 24w**
Intervention group received intervention POST 3
2w.
Ferrara et al.
200833 (Italy)
n¼ 11 n¼ 12 Exercise and Education: PT.
Group and Individual. Edu:
post-operative advice.
Ex: LL strength training,
ex bike, ﬂexibility. Duration:
4/52, 5 week. 60 min sessions.
40 mins group, 20 mins
individually. Intensity of bike:
lowemoderate.
Pain: VAS 3 [0.03, 1.68] 1.17 [0.29, 2.06]*
Age (yrs)¼ 63.8 (9.0) Age (yrs)¼ 63.1 (6.9) Pain: WOMAC 8 [0.07, 1.63] 0.23 [0.59, 1.06]
Female (%)¼ 63.6 Female (%)¼ 58.3 Activity limitation: WOMAC, Bartel [0.05, 1.65] 0.88 [0.02, 1.74]*
Combined: HHS 4 [0.03, 1.37] 0.33 [0.49, 1.16]
Impairment: Hip Ab ROM D¼0.27
9.47, 8.93]
MD¼ 3.91 [0.57, 8.39]
Impairment: Hip ER ROM D[ 7.69
.28, 14.10]*
MD¼0.14 [3.67, 3.39]
Impairment: Quads Str 6 [0.37, 1.29] ez
Impairment: Hip Ab Str 63 [0.67, 2.60]* ez
Quality of life: SF-36 (PCS) 86 [0.00, 1.72]* 0.62 [1.46, 0.22]
Quality of life: SF-36 (MCS) 86 [0.00, 1.72]* 0.21 [0.61, 1.03]
Timeframe: PRE; POST 15 days,
4w, 12w
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Gocen et al.
200434
(Turkey)
n¼ 29 n¼ 30 Exercise and Education:
PT. Individual. Strength
Training (UL & LL) & ﬂexibility.
Edu: about living with a
prosthesis. Duration: 8/52,
fortnightly PT sessions. Home
ex’s 3 daily, 10 reps.
Activity limitation: First day walking N/A MD¼ 0.13 days [0.03, 0.29]
Age (yrs)¼ 46.9(11.5) Age (yrs)¼ 55.5(14.4) (During inpatient
stay post-operative)
First day climbing stairs N/A MD[ 1.2 days [0.48, 1.92]*
Female (%)¼ 55.2 Female (%)¼ 73.3 First day bed transfers N/A MD[ 0.4 days [0.07, 0.73]*
BMI¼ 24.9 (3.7) BMI¼ 27.7 (3.7) First day chair transfer N/A MD[ 1.36 days [0.78, 1.94]*
First day toilet transfer N/A MD[ 0.83 days [0.34, 1.32]*
Combined: HHS 0.39 [0.13, 0.90] 0.61 [0.09, 1.14]* POST 12w
Impairment: Hip Ab ROM MD¼ 2.20
[3.53, 7.73]
N/A
Timeframe: PRE; POST Inpatient stay, d/c day, 12w, 104w
Vukomanovic
et al. 200837
(Belgrade)
n¼ 23 n¼ 22 Exercise and Education: Exercise:
Two classes by PT including
post-operative mobility practice.
Education by physiatrist
(pre & post-operative advice).
Duration: 2 exercise sessions,
1 education session.
Pain: VAS (at rest, on move) 0.14 [0.73, 0.44] 0.16 [0.50, 0.81]
Age (yrs)¼ 60.1(11) Age (yrs)¼ 56.2(18.5) Activity Limitation: First day walking N/A MD[ 0.35 days [0.02, 0.68]*
Female (%)¼ 70 Female (%)¼ 80 (During inpatient
stay post-operative)
First day climbing stairs N/A MD[ 1.67 days [0.70, 2.64]*
Duration: 8.1 (5.9) Duration: 6.3 (7.5) First day chair transfer N/A MD[ 1.05 days[0.36, 1.74]*
First day toilet transfer N/A MD[ 0.90 days [0.22, 1.58]*
Performance Day 3 and D/C* N/A *all P < 0.05
Impairment: Hi Ab ROM MD¼2.75
[7.81, 2.31]
MD¼1.75 [7.25, 3.75]
POST 60w
Impairment: Hip Flex ROM MD¼6.50
[18.90, 5.90]
MD¼ 0.75 [7.67, 9.17]
POST 60w
Combined: HHS, Oxford Hip Score, JOA 0.18 [0.76, 0.41] 0.16 [0.50, 0.81] POST 60w
Service utilisation: LOS MD¼ 0.40 days [0.89, 1.69]
Timeframe: PRE;
POST Inpatient stay,
POST 60w
Berge et al.
200428 (UK)
n¼ 19 n¼ 21 Pain Management Program:
Clinical psychologist, OT & PT.
Group format. Sessions on
OA education, cognitive
behavioural methods and
relaxation methods. Duration:
6/52 (21.5 h), 1e2 sessions
 week.
Pain: VAS (0e10 scale) 0.98 [0.29, 1.66]* 0.26 [0.43, 0.95]
Age (yrs)¼ 71.6 (6) Age (yrs)¼ 71(6.1) Activity limitation: 4 mwt 0.39 [0.26, 1.04] 0.10 [0.59, 0.78]
Female (%)¼ 63 Female (%)¼ 71 Quality of life AIMS depression 0.25 [0.39, 0.90] 0.08 [0.61, 0.76]
OWL (days)¼>183 OWL (days)¼>183 Quality of life AIMS anxiety 0.23 [0.42, 0.88] 0.52 [0.18, 1.22]
Timeframe: PRE (12w post-intervention);
POST 32 (average)
Crotty et al.
200930,x
(Australia)
n¼ 75 n¼ 77 Self-Management Program:
Flinders University ‘partners
in health model.’ Pts pick 0 to 3
out of: (1) Self-management course.
Duration: 6/52, 2.5 h weekly.
(2) Joint replacement education.
Duration: 2/52, 2.5 h & (3) Peer
support telephone calls.
Pain: WOMAC 0.43 [0.11, 0.75]* N/A
Age (yrs)¼ 68.1(10.6) Age (yrs)¼ 67(11) Activity limitation: WOMAC 1.02 [0.69, 1.36]* N/A
Female (%)¼ 60 Female (%)¼ 61 Quality of life: AQoL 0.72 [0.40, 1.05]* N/A
No. of TKR¼ 50 No. of TKR¼ 52 Quality of life: CES-D, HEIQ, BMQ 0.25 [0.57, 0.07] N/A
No. of THR¼ 25 No. of THR¼ 25 Timeframe: PRE (average 27w
post-intervention)BMI¼ 31.5 BMI¼ 29.8
N/A¼ Timeframe not applicable.
*P< 0.05
y SMD or MD reported for underlined outcomes and timeframes.
z Sufﬁcient data not reported.
x Outcomes were not able to be separated for hip and knee OA participants.
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Table IIc
Summary of included trials: Pre-operative interventions compared with another intervention for knee and hip osteoarthritis
Study (Country) Participants
(Intervention 1)
Participants
(Intervention 2)
Intervention 1 and 2 Outcome measures Results (SMD or MD,
95% CI)y
Haslam et al. 200145 (UK)
Hip
n¼ 16 n¼ 12 1: Acupuncture: Side lying. Duration:
6/52, 6 sessions, ﬁrst session 10 mins,
subsequent sessions 25 mins.
Combined: WOMAC (modiﬁed) 0.50 [0.26, 1.27]
Age (yrs)¼ 66 (9.5) Age (yrs)¼ 69.4 (5) Timeframe: PRE (immediately
& 8w post-intervention)
Female (%)¼ 81.3 Female (%)¼ 66.7 2: Exercise & Education: PT. Individual.
Ex’s-5 for HEP. Education on OA and
self-help. Duration: 6/52. 3 sessions, 30 mins.
Duration (yrs): 9 Duration (yrs): 9
Gill et al. 200944 (Australia)
Hip and Knee
n¼ 40 n¼ 42 1: Exercise PT (land-based), Education
& OT home visit: Ex: strength training,
ﬂexibility, walking. Moderate intensity
(RPE: 12e14). Duration: 6/52, 2 weekly,
1 h sessions. Edu: 1 1 h session
(OA, disability & principles of health exercise).
OT: 1 home visit. All pt’s encouraged
to complete 30 min HEP.
Pain: WOMAC 0.10 [0.38, 0.59]
Age (yrs)¼ 71.6 (8.9) Age (yrs)¼ 69.2 (10.5) Activity limitation: WOMAC 0.03 [0.45, 0.52]
Female (%)¼ 57.5 Female (%)¼ 66.6 Activity limitation: Timed 50 foot walk 0.10 [0.39, 0.59]
BMI¼ 31.0 (5.3) BMI¼ 31.1 (5.9) Activity limitation: Chair rise test (30 s) 0.33 [0.16, 0.83]
OA %¼ 97.5 OA%¼ 97.6 Quality of life: SF-36 (MCS) 0.06 [0.42, 0.54]
2: Exercise PT (pool-based), Education
& OT home visit. Details as per
intervention group.
Timeframe: PRE (immediately
and 8w post-intervention)
Tillu et al. 200147 (UK)
Knee
n¼ 22 n¼ 22 1: Acupuncture (unilateral knee).
Duration: 6/52, 1 weekly.
Pain: VAS 0.07 [0.34, 0.49]
Age (yrs)¼ 72 (9.3) Age (yrs)¼ 73 (7) Activity limitation: Timed stair climb (20 steps) 0.15 [0.27, 0.57]
Female (%)¼ 82 Female (%)¼ 77 2: Acupuncture (bilateral knee).
Duration: 6/52, 1 weekly.
Activity limitation: Timed 50 m walk 0.20 [0.22, 0.62]
Combined: HSS 0.25 [0.17, 0.67]
Timeframe: PRE (8w & 26w
post-intervention)
Mitchell et al.
200546 (UK)
Knee
n¼ 57 n¼ 57 1: Physiotherapy home visits:
manual therapy, exercise, gait
re-education. Minimum 3 pre-
operative and up to 6 post-operative visits.
Pain: WOMAC 0.02 [0.34, 0.39]
Age (yrs)¼ 70 (7.2) Age (yrs)¼ 70.6 (8.2) Activity limitation: WOMAC 0.11 [0.26, 0.47]
Female (%)¼ 63.2 Female (%)¼ 52.6 Quality of life: SF-36 (8 items) P 0.05 for all
OWL (days)¼ 31(13) OWL (days)¼ 25 (13) 2: Physiotherapy: Outpatient and group
program at discretion of physiotherapist.
Duration 1e2 per week.
Service utilisation: LOS MD¼ 0.40 days
[0.79, 1.59]
Timeframe: POST 12w
y SMD or MD reported for underlined outcomes and timeframes.
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Table III
Methodological quality of the trials (PEDro)
Trial 1 2 3 4 5 6 7 8 9 10 11 Total
(/10)
Aoki, 200926 7
Beaupre, 200427 7
Berge, 200428 4
Christensen, 199229 5
Crotty, 200930 7
D’Lima, 199231 4
Evgeniadis, 200832 6
Ferrara, 200833 7
Gilbey, 200324,25 3
Gill, 200944 7
Gocen, 200434 6
Haslam, 200145 4
Hoogeboom, 201035 7
Mitchell, 200546 6
Nunez, 200636 5
Rooks, 200638 4
Tillu, 200147 7
Topp, 200939 5
Vukomanovic, 200837 4
Walls, 201040 5
Wang, 200241 6
Weidenhielm, 199342 5
Williamson, 200743 8
PEDro Criteria: (1) Eligibility criteria speciﬁed. (2) Random allocation. (3) Allocation
concealed. (4) Groups similar at baseline. (5) Participant blinding. (6) Therapist
blinding. (7) Assessor blinding. (8) Measures of at least one key outcome were ob-
tained from >85% of subjects. (9) Data were analysed by Intention to treat.
(10) Results reported for at least one key outcome. (11) Point measures and
measures of variability provided.
J.A. Wallis, N.F. Taylor / Osteoarthritis and Cartilage 19 (2011) 1381e1395 1389exercise. Eight trials used allocation concealment and 11 had blin-
ded outcome assessors. Nine trials reported intention to treat
analysis and 12 trials had measures of at least one key outcome
from >85% of participants (Table III).
Synthesis of results
Effect of pre-operative exercise interventions vs standard care for
knee osteoarthritis
Meta-analysis of four trials with 240 participants provided
moderate quality evidence that exercise interventionsFig. 2. SMD (95% CI) of effect of pre-operative exercise vs standard care on paincompared with standard care were effective for reducing pain
for knee osteoarthritis prior to knee replacement (Fig. 2,
Table IV).
Meta-analyses did not show any differences regarding activity
performance prior to knee replacement, length of hospital stay, and
for pain and activity performance at 2e3 months following surgery
(Table IV).
Individual trials that could not be included in meta-analyses
due to heterogeneity or insufﬁcient reporting did not show
any differences for other outcomes including musculos-
keletal impairments, quality of life and discharge destination
(Table IIa).Effect of pre-operative exercise interventions vs standard care
for hip osteoarthritis
Meta-analysis of two trials with 69 participants provided low
quality evidence that exercise interventions compared with stan-
dard care were effective for reducing pain prior to hip replacement
(Fig. 3, Table V). Meta-analysis of three trials with 126 participants
provided moderate quality evidence for improved activity prior to
hip replacement (Fig. 4, Table V).
Meta-analyses did not show any differences for activity prior to
hip replacement and for WOMAC function score for 3e8 weeks
post-operatively (Table V).
Individual trials not able to be combined in meta-analysis due to
heterogeneity did not show any differences for musculoskeletal
impairments, quality of life, length of stay, and discharge destination
except for two lesser quality trials24,25,41 that provided evidence for
improved activity performance 3 weeks following hip replacement
(Table IIb).Effect of pre-operative exercise with education vs standard care
for hip osteoarthritis
Meta-analysis of two trials with 82 participants provided
moderate quality evidence for improved Harris hip score 3 months
following hip replacement (Fig. 5, Table V). Meta-analyses of two
trialswith 99participants provided lowquality evidence of a reduced
number of days to ﬁrst walk (Fig. 6), sit in a chair, use the toilet and
climb stairs independently during the hospital stay following total
hip replacement (Table V).
Meta-analyses of two studies with 68 participants did not show
any difference for pain before hip replacement (Table V). Meta-
analyses of three studies with 127 participants did not show any
difference for Harris hip score and hip abduction range of move-
ment before hip replacement (Table V).
A higher quality individual trial33 with outcomes not included in
meta-analysis due to heterogeneity showed improved quality of life,
hip abduction strength and external rotation range prior to hip
replacement and reduced pain 12 weeks post-operatively (Table IIb).
The one trial37 which measured length of stay showed no difference
(Table IIb).for participants with knee osteoarthritis prior to total knee replacement.
Table IV
Meta-analyses for pre-operative interventions vs standard care for knee osteoarthritis
Intervention No. of trials(Ref.) No. of
participants
Outcome Timeframe SMD (95% CI), I2 MD (95% CI), I2 Quality of
the evidence
(GRADE)
Exercise 426,38,39,43 240 Pain* Pre-operative 0.43 [0.13, 0.73], 19% Moderatex
Gait performancey Pre-operative 0.12 [0.30, 0.55], 58% Very lowk
Exercise 338,39,43 204 Pain* Post-operatively
8e12 w
0.01 [0.26, 0.29], 0% Moderatex
Gait performancez Post-operatively
8e12 w
0.16 [0.44, 0.11], 0% Moderatex
Exercise 238,43 150 WOMAC function Pre-operative 0.09 [0.23, 0.42], 0% Moderate{
Post-operatively
8e12 w
0.08 [0.40, 0.24], 0% Moderate{
Exercise 231,43 141 Hospital length
of stay
0.01 [0.32, 0.34], 0% 0.04 days
[0.64, 0.56], 0%
Moderate#
Acupuncture 229,43 150 Timed 50 m walk Pre-operative 0.50 [0.31, 1.32], 73% 10.46 s
[5.24, 26.16], 75%
Very low**
GRADE¼GRADE working group grades of evidence (see Reason for downgrade).
* Pain measures¼VAS e visual analogue scale, WOMAC eWestern Ontario and McMaster Universities Arthritis Index.
y Gait performance measures¼ gait speed, timed up and go test, 6 min walk test, timed 50 m walk.
z Gait performance measures¼ timed up and go test, 6 min walk test, timed 50 m walk.
x Reason for downgrade: Two trials38,39 rated lesser quality (PEDro< 6) without blinded outcome measures and allocation concealment.
k Reason for downgrade: As above but further downgrading and statistical heterogeneity (I2¼ 58%) and large conﬁdence interval.
{ Reason for downgrade: One trial38 rated lesser quality (PEDro¼ 4) without blinded outcome measures and allocation concealment.
# Reason for downgrade: One trial31 rated lesser quality (PEDro¼ 4).
** Reason for downgrade: One trial29 rated lesser quality (PEDro¼ 5), statistical heterogeneity (I2¼ 73%), very large conﬁdence interval.
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or hip osteoarthritis
Meta-analysis of two trials of acupuncture for knee osteoar-
thritis with 150 participants did not show any difference for timed
50 m walk prior to knee replacement (Table IV).
Of other outcomes of trials not included in meta-analysis due to
heterogeneity, a higher quality individual trial43 of acupuncture for
knee osteoarthritis showed improvedOxford knee score prior to knee
replacement surgery and reduced pain 3 months after surgery. Self-
management programs30,36 demonstrated improved activity for knee
osteoarthritis and improved quality of life for hip and knee osteoar-
thritis prior to surgery. A multidisciplinary pain management
program28 for hip osteoarthritis showed a large effect of reduced pain
in the pre-operative period but not thepost-operative period. A lesser
quality small trial of electrical stimulation forkneeosteoarthritis40did
not show an effect for any of the outcomes. Overall none of the other
interventions showed any effect for post-operative outcomes
including activity, health service utilisation and quality of life
[Table II(a & b)].
Effect of pre-operative interventions compared with another
intervention
None of the trials that compared one intervention with another
showed any difference for measures of pain, musculoskeletal
impairment, activity limitation, quality of life or health service
utilisation (Table IIc).Fig. 3. SMD (95% CI) of effect of pre-operative exercise vs standard care on paDiscussion
Summary of evidence
The results of this systematic review provide low to moderate
quality evidence that pre-operative interventions, particularly
exercise, can have a modest effect prior to joint replacement
surgery mainly by reducing pain for knee and hip osteoarthritis and
improving activity for hip osteoarthritis. The results also provide
low to moderate quality evidence that patients who completed
exercise and education programs before hip replacement surgery
may have improved function and activity in the short term after
surgery. Despite these beneﬁts, little post-operative beneﬁt has
been demonstrated for outcomes including pain, musculoskeletal
impairment, activity performance for knee osteoarthritis, quality of
life, length of stay and discharge destination.
It may be argued that improved outcomes in the short term
while waiting for surgery may be important for patients particu-
larly when waiting times can exceed 1 year and were typically
about 3 months in the current review. However, the value of these
interventions is limited if they make minimal difference post-
operatively. It is possible that marked reduction of pain that
comes from replacing painful joint surfaces during surgery far
outweighs modest contribution from pre-operative interventions.
It is also possible that medical complications and hospital protocols
are likely to have a major effect on health service utilisation (e.g.,
length of stay) that outweighs the effect of any pre-operative
intervention.in for participants with hip osteoarthritis prior to total hip replacement.
Table V
Meta-analyses for pre-operative interventions vs standard care for hip osteoarthritis
Intervention No. of trials(Ref.) No. of
participants
Outcome Timeframe SMD (95% CI), I2 MD (95% CI), I2 Quality of
the evidence
(GRADE)
Exercise 235,38 69 Pain* Pre-operative 0.52 [0.04, 1.01], 0% Lowz
Timed Up and Go Test Pre-operative 0.11 [0.37, 0.58], 3% 0.11 s [1.40, 1.63], 3% Lowz
Exercise 324,25,35,38 126 Activity limitationy Pre-operative 0.47 [0.11, 0.83], 0% Moderatex
Exercise 224,25,38 106 WOMAC function Post-operative
3e8 w
0.28 [0.23, 0.78], 41% 3.41 units [4.23, 11.05], 65% Very lowk
Ex & Edu 233,37 68 Pain e VAS Pre-operative 0.29 [0.66, 1.23], 70% Very low{
Ex & Edu 333,34,37 127 Harris Hip Score Pre-operative 0.21 [0.20, 0.63], 26% 2.99 units [3.57, 9.54], 46% Moderate#
Hip abduction ROM Pre-operative 0.02 [0.37, 0.33], 0% 0.53 [4.04, 2.97], 0% High**
Ex & Edu 233,34 82 Harris Hip Score Post-operative
12 w
0.53 [0.09, 0.97], 0% 6.05 units [1.29, 10.81], 0% Moderateyy
Ex & Edu 234,37 99 First day walking Post-operative e
inpatient stay
0.50 [0.10, 0.90], 0% 0.19 days [0.00, 0.39], 28% Lowzz
First day stair climb 0.93 [0.51, 1.35], 0% 1.37 days [0.79, 1.94], 0% Lowzz
First day using toilet 0.82 [0.41, 1.24], 0% 0.85 days [0.46, 1.25], 0% Lowzz
First day using chair 1.06 [0.64, 1.48], 0% 1.23 days [0.78, 1.68], 0% Lowzz
GRADE¼GRADE working group grades of evidence (see reason for downgrade).
* Pain measures¼HOOS e Hip Osteoarthritis Outcome score, WOMAC eWestern Ontario and McMaster Universities Arthritis Index.
y Activity limitation measures¼WOMAC function and HOOS function.
z Reason for downgrade: One trial38 rated lesser quality (PEDro¼ 4) without allocation concealment and assessor blinding, large conﬁdence interval.
x Reason for downgrade: Two trials24,25,30 rated lesser quality (PEDro< 6) without allocation concealment and assessor blinding.
k Reason for downgrade: All trials rated lesser quality (PEDro< 6), statistical heterogeneity (I2¼ 75%), large conﬁdence interval.
{ Reason for downgrade: One trial37 rated lesser quality (PEDro¼ 4) without allocation concealment and assessor blinding, statistical heterogeneity (I2¼ 70%),
large conﬁdence interval.
# Reason for downgrade: Statistical heterogeneity (I2¼ 26%), very large conﬁdence interval.
** Reason for downgrade: No downgrade.
yy Reason for downgrade: Large conﬁdence interval.
zz Reason for downgrade: One trial37 rated lesser quality (PEDro¼ 4) without allocation concealment and assessor blinding, large conﬁdence interval.
Fig. 4. SMD (95% CI) of effect of pre-operative exercise vs standard care on activity limitation (WOMAC, HOOS function) for participants with hip osteoarthritis prior to total hip
replacement.
Fig. 5. SMD (95% CI) of effect of pre-operative exercise and education vs standard care on Harris Hip Score at 12 weeks after total hip replacement.
Fig. 6. SMD (95% CI) of effect of pre-operative exercise and education vs standard care on inpatient activity (number of days to ﬁrst walking) after total hip replacement.
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period, it could be considered that pre-operative interventions for
osteoarthritis are not worthwhile, particularly for knee osteoar-
thritis. Although many trials evaluated post-operative outcomes,
only three of the 23 included trials evaluated post-operativeoutcomes during the hospital stay. The current review provided
some preliminary evidence from this small number of trials that the
pre-operative programs may provide beneﬁts during the hospital
stay, suggesting this could be an area of further research. Also, a key
beneﬁt for patients not investigated in any of the trials may be an
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activities and increased conﬁdence in their ability to cope with
surgery. This outcome, a form of self-efﬁcacy48 has not been
investigated in any of the trials in this review.
There are also considerations about how feasible it is to imple-
ment a pre-operative intervention for people awaiting hip and knee
replacement surgery. The results of this review showed that
recruitment of patients for pre-operative interventions (especially
group programs) can present difﬁculties for patients with end-
stage osteoarthritis for reasons such as not wanting to travel each
week for treatment, patients preferring to remain sedentary and
wait for their operation, and patients dropping out for unrelated
medical reasons. Currently, orthopaedic surgeons rarely prescribe
pre-operative interventions because of limited known beneﬁt on
health outcomes post-operatively12, a view supported by the
ﬁndings of this review. Despite difﬁculties with recruitment, the
results show good adherence to exercise interventions so once
patients start they appear to be motivated to continue.
Our ﬁndings are similar to a previous review10 but are not
limited to a single discipline intervention, and include meta-
analyses. Our review included eight trials published since the
review by Coudeyre12 in 2007 and it also differed as they found that
education intervention in a single trial49 to be beneﬁcial for health
service utilisation (both length of stay and discharge destination).
However, our review excluded this trial because it was not clear
that the intervention included more than a single session.
A strength of this systematic review is that it followed the
preferred reporting items for systematic reviews and meta-analyses
(PRISMA) guidelines50. Inclusion of only RCTs increases conﬁdence
in the results as ﬁndings would be expected to be less subject to bias.
Applying theGRADE approach22 to the questions thatwere answered
with meta-analyses determines the level of conﬁdence in the results
for clinicians and policy makers.
A limitation in this systematic review is that the search
strategy did not include other languages and did not include all
databases such as Cochrane Central Register of Controlled Trials.
Nevertheless the strategy was comprehensive with only one
additional article found by citation tracking. Only four of the 23
trials had 50 or more participants in each allocation arm. While
small studies suffer from lack of power, they also often have
a very select participant group (higher adherence that would be
expected in the clinical situation), concentrated researcher
attention resulting in a greater risk of inﬂated effect sizes51. There
was an element of subjectivity in deciding if trials had sufﬁcient
clinical homogeneity to combine in meta-analyses; however, the
process was conducted with careful consideration and the more
conservative random effects model was used for analysis. Insuf-
ﬁcient reporting meant that meta-analyses did not include allAppendix
Medline search strategy (n¼ 748)
Population
S1. (MH “Osteoarthritis”) OR (MH “Osteoarthritis, Hip”) OR (MH “Osteoarthritis, Knee”
(MH “Knee”) OR knee OR (MH “Knee Joint”) S5. (MH “Hip”) OR hip OR (MH “Hip Jo
S7¼ S1 OR S2 OR S3 OR S4 OR S5 OR S6
S8. preadmission or pre admission or preoperat* or pre operat* or perioperat* or peri
OR waiting list S12. (MH “Surgical Procedures, Elective”) OR elective surgical waitin
S14¼ S8 OR S9 OR S10 or S11 OR S12 OR S13
S15. (MH “Arthroplasty, Replacement”) OR (MH “Arthroplasty, Replacement, Hip”) OR
replacement” S17.(MH “Arthroplasty”) OR arthroplasty S18. (MH “Prostheses and Im
(MH “Hip Prosthesis”) OR hip prosthesis S21. Total hip or total knee
S22¼ S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21available trials. In fact most of the meta-analyses only involved
two trials and only 10 of the 23 trials24,25,26,29,31,33,34,37e39,43 were
used in the meta-analyses. A further limitation is that the quality
of the evidence was rated high in only one meta-analysis. This
reduces conﬁdence in the ﬁndings. However, this might be more
of a concern if the results of the review were more positive since
it could be argued that lower quality evidence may be more
subject to bias.Conclusion
There is moderate quality evidence from four small RCTs that
pre-operative exercise reduces pain prior to knee replacement.
There is only low quality evidence from two small RCTs that pre-
operative exercise reduces pain prior to hip replacement. There is
moderate quality evidence from three small RCTs that pre-
operative exercise improves activity prior to hip replacement.
There is moderate quality evidence from two small RCTs that pre-
operative exercise and education programs improve function
3 weeks after hip replacement. There is only low quality evidence
from two small RCTs that pre-operative exercise combined with
education programs improve activity during hospital stay after
hip replacement. No evidence exists that pre-operative inter-
ventions reduce health service utilisation as represented by
length of hospital stay or discharge destination. Further research
is needed that focuses on post-operative outcomes during
hospital stay.Authors’ contributions
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None.) OR osteoarthr* S2. degenerate* S3. (MH “Arthritis”) OR arthritis S4.
int”) S6. (MH “Lower Extremity”) OR lower limb
operat* S9. Pre surgery S10. prior or await* or wait* S11. (MH “Waiting Lists”)
g list S13. End-stage
(MH “Arthroplasty, Replacement, Knee”) OR joint replacement S16. “Surgical
plants”) OR prosthes* S19. (MH “Knee Prosthesis”) OR knee prosthesis S20.
(continued)
Intervention
S24. (MH “Resistance Training”) OR strength training S25. (MH “Exercise”) OR (MH “Exercise Movement Techniques”) OR (MH “Exercise Therapy”)
OR resist* exercise OR (MH “Muscle Stretching Exercises”) OR (MH “Motion Therapy, Continuous Passive”) S26. (MH “Rehabilitation”) OR rehabilitation S27.
rehab* S28. (MH “Walking”) OR walking program* S29. MH “Musculoskeletal Manipulations”) OR manual therapy S30. balance exercise* or balance training S31.
mobilisation or mobilization S32. kinetic chain S33. MH “ Physical Therapy (Specialty)”) OR (MH “Physical Therapy Modalities”) OR physiotherapy S34. physio*
or physical therapy S35. (MH “Physical Therapy Department, Hospital”) OR physio* or physical therapy S36. (MH “Hydrotherapy”) OR hydrotherapy S37.
pool based or aquatic therap* or aquatic exercis* S38. (MH “Home Care Services, Hospital-Based”) OR home based S39. (MH “Self Care”) OR self management S40.
(MH “Disease Management”) OR arthritis self management S41. non surgical or non pharmacological or conservative management or conservative therap* S42.
(MH “Self-Help Groups”) OR (MH “Self-Help Devices”) OR self help groups S43. “group program or group therap* S44. prehabilitation S45. (MH “Diet”) OR diet
OR (MH “Diet, Fat-Restricted”) OR (MH “Diet, Reducing”) S46. (MH “Weight Loss”) OR weight los* S47. weight reduc* S48. (MH “Orthotic Devices”) OR orthotic
devices S49. orthotic* or orthotists S50. (MH “Podiatry”) OR podiatry S51. (MH “Occupational Therapy”) OR occupational therapy S52. wedge or arch support*
or insole* or shoe modif* S53. (MH “Tai Ji”) OR tai chi or ai chi S54. (MH “Cognitive Therapy”) OR cognitive behaviour* therapy OR (MH “Behavior Therapy”) S55.
Cbt S56. counseling or psychology OR (MH “Psychology, Applied”) OR (MH “Psychological Techniques”) OR (MH “Psychology, Educational”) OR
(MH “Psychology, Social”) S57. (MH “Counseling”) S58. functional restoration or pain program S59. taping or strapping S60. MH “canes” S61. walking aid or
walking stick or ambulation aid S62. Pacing S63. (MH “Acupuncture”) OR acupuncture OR (MH “Acupuncture Therapy”) S64. Dry needling S65. heat*
or thermotherapy S66. Massage therapy or MH “MH “Massage” S67. MH “Combined Modality Therapy”) OR multi modal physical therapy S68.
(MH “Electric Stimulation Therapy”) OR (MH “Transcutaneous Electric Nerve Stimulation”) S69. electrotherap* S70. (MH “Allied Health Occupations”)
S71¼ S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR S39OR S40 OR S41 OR S42 OR S43
OR S44 OR S45 OR S46 OR S47 OR S48 OR S49 OR S50 OR S51 OR S52 OR S53 OR S54 OR S55 OR S56 OR S57 OR S58 OR S59 OR S60 OR S61 OR S62 OR S63
OR S64 OR S65 OR S66 OR S67 OR S68 OR S69 OR S70
Design
S72. (MH “Clinical Trial”) OR clinical trial OR (MH “Controlled Clinical Trial”) S73. (MH “Randomized Controlled Trials as Topic”) OR
(MH “Randomized Controlled Trial”) OR randomised controlled trial or rct or randomized controlled trial S74. (MH “Case-Control Studies”) S75.
(MH “Case-Control Studies”) OR (MH “Cohort Studies”) OR (MH “Cross-Sectional Studies”) OR (MH “Cross-Over Studies”) OR (MH “Prospective Studies”)
OR (MH “Longitudinal Studies”) OR (MH “Intervention Studies”)
S76¼ S72 OR S73 OR S74 OR S75
S77[ S7 and S14 and S22 and S71 and S76 (n[ 748)
MH¼medical subject heading (MeSH).
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